Introduction {#cesec10}
============

An adequate level of staffing is crucial to maintain patient care during the ongoing COVID-19 pandemic.[@bib1] Frontline health-care staff assess and manage patients with COVID-19, patients presenting with emergencies not related to COVID-19, and patients with essential routine care needs. One of the greatest risks to the health-care system is a high rate of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection among health-care workers and the consequent lack of skilled staff to ensure a functioning local or regional response to the pandemic.[@bib2] This risk has been increased by the need for rapid scaling up of intensive care unit (ICU) capacity in affected regions, the redeployment of clinical staff to frontline positions (eg, ICUs or COVID-19 wards), and the recruitment of less experienced staff (eg, newly qualified students or health-care staff moving from their specialism) to the workforce in response to the pandemic.[@bib3], [@bib4]

Health-care workers could acquire SARS-CoV-2 at work through direct or indirect contact with infected patients or other health-care workers, or as a result of ongoing community transmission. Community transmission of SARS-CoV-2 is targeted by public health measures, whereas infection by patient or health-care worker contact is primarily addressed by facility-based infection prevention and control (IPC) measures. However, sources of infection might not be clear and this uncertainty can have negative effects on the clinical workforce. IPC measures are extensive in hospitals managing patients infected with SARS-CoV-2 and, broadly speaking, include rigorous cleaning and disinfection to reduce environmental contamination and the use of personal protective equipment (PPE), isolation, and cohorting.[@bib5]

National and international recommendations for risk assessment and management of hospital health-care staff working with patients infected with SARS-CoV-2 are detailed and publicly available.[@bib6], [@bib7], [@bib8], [@bib9] However, recommendations might not be easily transferrable because health-care systems are highly variable in terms of their structure and workforce composition.[@bib10] Available guidance can become rapidly unsuitable when the situation at the frontline of health-care delivery is continuously changing. Therefore broad recommendations need to be translated into locally applicable and pragmatic solutions. In this Personal View, we outline and discuss possible approaches to inform development of local policy related to health-care worker exposure and management during the COVID-19 pandemic.

Risk of SARS-CoV-2 infection in the clinical workforce {#cesec20}
======================================================

Several emerging viral diseases are known to have had a major effect on health-care workers, which is currently being observed also with SARS-CoV-2.[@bib11], [@bib12] In an early case series from Wuhan, China, 29% of patients with SARS-CoV-2 were health-care workers and were assumed to have acquired the infection in hospital.[@bib13] Deaths among health-care workers infected with SARS-CoV-2 are rare and have mostly affected those older than 50 years.[@bib14], [@bib15] Tragically, health-care workers rehired from retirement to help at the frontline have commonly experienced the highest mortality when compared with their working-age counterparts.[@bib16], [@bib17] With an increasing understanding of the disease, the proportion of health-care workers contracting COVID-19 in hospital has decreased, but stringent IPC measures and continued vigilance are needed.[@bib18]

The risk profile for SARS-CoV-2 exposure and infection among health-care workers differs substantially from other groups. In designated COVID-19 wards or hospitals, health-care workers are at high risk of infection. Potential exposure to SARS-CoV-2 is inherent to their work and is prevented only by excellent adherence to all IPC measures, including the use of appropriate PPE. There is uncertainty about what is optimal PPE, but it is clear that standardised and rigorous application of PPE and other IPC measures can dramatically reduce nosocomial transmissions.[@bib19], [@bib20]

Health-care workers are likely to be in contact with patients and colleagues who have atypical, few, or no symptoms while still being highly contagious.[@bib21], [@bib22], [@bib23] A high proportion of such individuals will be present in the hospital, including in areas with insufficient awareness or identified need of IPC measures, as the virus spreads ([figure](#fig1){ref-type="fig"} ). Particular attention is needed for health-care workers looking after patients who are highly dependent and live in long-term care facilities, which may be built to resemble home-like environments, compromising the ability to apply stringent PPE and other IPC measures.[@bib24] Similarly, the presence of oligosymptomatic health-care workers infected with SARS-CoV-2 in situations during which PPE is not usually applied, such as scheduled meetings, grand rounds, educational events, and break times, will become more likely as the pandemic progresses.[@bib25] FigureRepresentation of the interaction between phases of SARS-CoV-2 public health management, PPE use in acute care hospitals, transmission patterns, and approach to evaluation of HCWsHCWs=health-care workers. PPE=personal protective equipment. SARS-CoV-2=severe acute respiratory syndrome coronavirus 2.

Finally, with increasing community transmission, the highest risk of SARS-CoV-2 exposure for health-care workers could be outside of the hospital. Many health-care workers will contract SARS-CoV-2 through interactions with infected family members or other close contacts, or from the community in areas with active, unmitigated transmission.[@bib26], [@bib27] Improper PPE use, suboptimal adherence to IPC measures, and having a family member with COVID-19 can double or triple the risk of subsequent health-care worker SARS-CoV-2 infection.[@bib28] A detailed study of the prevalence of SARS-CoV-2 among mildly symptomatic health-care workers in Dutch hospitals shows that many infections were most likely acquired in the community.[@bib29], [@bib30]

SARS-CoV-2 infection risk stratification {#cesec30}
========================================

Defining the risk of a health-care worker being infected with SARS-CoV-2 can be the first step towards selecting the most appropriate monitoring and evaluation approach.[@bib6], [@bib8], [@bib9], [@bib31], [@bib32] Risk categories for in-hospital exposures are frequently based on the type of contact that has taken place and whether PPE was used consistently and appropriately. Additional specifications are sometimes included in risk assessment algorithms---eg, presence during aerosol-generating procedures or exact distancing from patients with COVID-19 (usually closer or further than 2 m).[@bib31], [@bib33]

Focusing on adherence to PPE implies that the optimal PPE for all potential contact situations is known and available. However, the effect of optimal PPE and other IPC measures is being debated because robust evidence to match PPE and IPC interventions to the risk profile of a given exposure is scarce.[@bib34], [@bib35], [@bib36] Exposures to SARS-CoV-2 via community cases and infected colleagues can be frequent depending on the phase of the outbreak. Risk assessment of health-care worker exposure, in our opinion, is going to be most useful in epidemic phases with low rates of community transmission. In all other situations, all health-care workers should be considered at moderate to high risk of contracting SARS-CoV-2, especially when extended IPC measures, including some use of PPE, cannot be implemented for all patient contacts and staff interactions. Data showing that viral shedding and potential SARS-CoV-2 transmission could occur 2--3 days before symptom onset highlight the importance of wearing adequate PPE in hospitals during phases of high SARS-CoV-2 incidence.[@bib37] Therefore, risk-appropriate PPE and optimal adherence to IPC measures will reduce the risk of health-care worker infection to that encountered in the community.

Monitoring of health-care workers at risk of SARS-CoV-2 {#cesec40}
=======================================================

Guidance provided by Peking Union Medical College Hospital (Beijing, China) suggests that all health-care workers in close contact with patients with COVID-19, regardless of PPE use, should undergo nasopharyngeal and oropharyngeal PCR testing and a full blood count after an unspecified block period of work in the designated area.[@bib38] Further management decisions are determined by the results of these tests but, if negative, health-care workers are monitored for 1 week and could resume work after this time if asymptomatic.

Calls have been made by health-care workers to improve availability of testing for asymptomatic health-care staff and allow screening.[@bib39] In our opinion, this approach has the distinct disadvantage of requiring very frequent evaluation, given that intermittent testing might not capture asymptomatic SARS-CoV-2 positive individuals. For example, in a case series of 13 patients with asymptomatic SARS-CoV-2 infection, eight were RT-PCR negative up to 14 days after first identification of SARS-CoV-2 and could well have been missed by fortnightly screening.[@bib40] We therefore do not favour regular general SARS-CoV-2 testing of health-care workers by PCR as an effective monitoring approach.

An alternative to intermittent PCR testing is to adopt a responsive approach to monitoring health-care workers. Most national monitoring systems incorporate some form of daily (self) screening for fever and assessment of respiratory symptoms.[@bib6], [@bib9], [@bib33], [@bib41], [@bib42] Stringent documentation and reporting requirements are an additional burden on health-care workers who are already stretched by the demands of patient care. Active symptom monitoring by public health authorities or their delegates of health-care workers deemed at risk of SARS-CoV-2 infection in occupational health is not feasible once an epidemic is in the exponential phase. Self-monitoring and reporting are more feasible but must be combined with excellent communication from occupational health officers to ensure that health-care workers feel adequately supported and have a point of contact to discuss any concerns or questions. Very low threshold access to occupational health to report any feelings of illness is crucial. Health-care workers might be concerned about whether such symptoms could indicate SARS-CoV-2 infection and might be reluctant to report mild symptoms because they feel that they are burdening the system. Furthermore, even mild symptoms can be indicative of SARS-CoV-2 infection, as shown when enhanced access (whereby all people with any respiratory symptoms or generalised symptoms suggestive of an infection are invited for testing) to testing was made available at a group of hospitals in the Netherlands.[@bib43] Direct access to occupational health has the additional advantage of enabling some psychosocial screening of the effect of working during the COVID-19 pandemic.

Confirming SARS-CoV-2 infection: diagnostic evaluation of health-care workers {#cesec50}
=============================================================================

Testing should be made available widely to symptomatic health-care workers and auxiliary acute health-care staff. The importance of supporting health-care worker access to SARS-CoV-2 testing in the case of symptoms cannot be overemphasised, particularly when the source of infection shifts from individual patients who are clearly identifiable to widespread viral transmission. Interactions with colleagues who are also at increased risk of exposure and infection could become classed as high-risk procedures.

During the period of unmitigated community transmission in the UK, access to testing for health-care workers, including those with symptoms, could not be guaranteed at a time when the medical workforce was under severe pressure from soaring SARS-CoV-2 cases. After roll-out in a single UK National Health Service trust, 18% of symptomatic staff tested positive for SARS-CoV-2 in the first 2 weeks of the test being available, showing that there is potentially a large pool of infected individuals working in hospitals in a setting with sustained community transmission.[@bib44]

Many countries prioritise health-care workers for SARS-CoV-2 testing, often on the basis of reported symptoms and regardless of a confirmed exposure. For example, Switzerland and the Netherlands recommend rapid access to SARS-CoV-2 PCR testing and results for health-care workers because this information is used for decision making about deployment of medical staff.[@bib45], [@bib46]

Decision making on health-care worker removal from and return to work {#cesec60}
=====================================================================

The most suitable approach towards managing removal from and return to work of health-care workers depends on the pursued public health strategy (ie, containment or mitigation) and the current pressures on the health-care system.

During containment, standard quarantine and isolation should also be applied to health-care workers given that a special provision for health-care workers is unlikely to be necessary or helpful. Premature redeployment of quarantined or isolated health-care workers will probably be needed only in exceptional cases---eg, for highly specialised staff.

When testing of all symptomatic individuals cannot be guaranteed, as is often the case in a mitigation phase, PCR testing of symptomatic health-care workers should be prioritised and can be used to reduce workforce depletion caused by quarantine and isolation of symptomatic health-care workers. The pressures on a given health-care system are considerable; however, it is difficult to justify a special status for health-care workers from a public health perspective because of the bidirectional nature of SARS-CoV-2 infections among this group. Although health-care workers can acquire SARS-CoV-2 at work, introducing transmission into the community, they may also bring SARS-CoV-2 into the hospital following community exposures. PCR testing of asymptomatic quarantined health-care workers will provide false reassurance for exposed individuals with early negative results who go on to develop disease later on in the defined quarantine period.

The role of PCR testing is different for symptomatic individuals. Home isolation periods range from a minimum of 7 days (under certain conditions) in France and the UK, to 14 days in Germany and Italy, and isolation is often recommended independently of whether SARS-CoV-2 has been identified by testing. In most cases, an additional requirement of at least 48 h without symptoms before ending isolation is also specified. In the Netherlands, infected health-care workers who are considered crucial for the care of patients with COVID-19 can return to work after 24 h without symptoms, so shorter isolation periods are conceivable.[@bib6], [@bib8], [@bib31], [@bib42], [@bib45], [@bib46] PCR testing of health-care workers should be used to ensure that isolation of symptomatic staff is limited to individuals who have been confirmed as SARS-CoV-2 positive.[@bib39], [@bib45]

In some cases, PCR testing is recommended to support rapid return to work of infected health-care workers if they become negative on PCR before the isolation period has elapsed. For example, German guidance recommends that health-care workers who required hospital treatment can return to work immediately if two PCR tests at least 24 h apart are negative.[@bib31], [@bib47] In Switzerland, re-testing of health-care workers infected with SARS-CoV-2 at the end of the isolation period is proposed for those working in high-risk areas (haemato-oncology, ICUs, transplant units) and those with prolonged disease.[@bib45]

There is considerable uncertainty about the relevance of prolonged detection of SARS-CoV-2 on PCR testing for transmissibility; therefore, the role of repeat testing to determine redeployment of health-care workers after SARS-CoV-2 infection is unclear. For health-care workers with confirmed SARS-CoV-2 infection, testing at the end of the isolation period is sometimes used to confirm suitability for return to work, often with two PCR tests at least 24 h apart.[@bib42], [@bib48]

However, in practice, these recommendations are problematic. A study comparing RT-PCR testing and virus culture found that patients with mild symptoms were positive by RT-PCR for up to 28 days, whereas no infectious virus could be recovered after day 10 post illness onset.[@bib49] Therefore, a symptom-based algorithm that informs when isolated health-care workers should return to work appears to be best when exposed or infected health-care workers are considered crucial to service maintenance and extended periods of quarantine or isolation are not feasible. Studies are ongoing to assess the possible role of serology as a marker for viral clearance in people with mild illness.

Navigating the effect of the management strategy on health-care workers {#cesec70}
=======================================================================

The exact algorithm for managing exposed and infected health-care workers should aim to safeguard staff wellbeing and reduce onwards transmissions to colleagues and patients without undermining the ability to maintain an adequate service, which is often a difficult balance. The exact configuration of the health-care setting and IPC strategies will affect the success of the management strategy and might require different approaches during different phases of the pandemic, especially when the use of PPE and sources of health-care worker infection are shifting ([table](#tbl1){ref-type="table"} ).TableAdvantages and disadvantages of HCW monitoring, evaluation, and management during the COVID-19 pandemic**AdvantagesDisadvantagesMonitoring HCW contacts**Risk assessment of HCW contactsCan identify HCWs at considerable risk of acquiring SARS-CoV-2 in the health-care setting and focus resources on active monitoring or proactive laboratory testing; can support implementation of quarantine measures for a specific group of HCWs, minimising the effect on the workforce and maximising containment of SARS-CoV-2 within the health-care environmentCan reduce awareness that interactions with any patients with COVID-19 (known or unknown) carry some risk of nosocomial transmission to HCWs; can be confusing when understanding of the optimal PPE remains unclear; can undermine HCW engagement with key IPC measures other than PPE (eg, hand hygiene and physical distancing) in the erroneous belief that these are ineffective; might not be relevant in settings where some level of PPE is universally recommended (eg, wearing of surgical masks for all patient contacts) and there is high adherence to other IPC measuresUse of (self)quarantine after contactCan maximise containment of SARS-CoV-2 within the health-care environment, especially in HCWs who may have no, few, or atypical symptoms; can reduce HCW anxiety about contracting SARS-CoV-2 in the workplace from colleagues with known exposureCan rapidly deplete the workforce, particularly in cases of HCWs infected with SARS-CoV-2 exposing many colleagues or when there is uncontrolled community transmission, with HCWs exposed outside of the hospital; might not be relevant in settings where some level of PPE is universally recommended (eg, wearing surgical mask for all patient contacts) and there is high adherence to other IPC measures**Symptom monitoring of HCWs**Active (eg, at the start of shifts or through regular telephone or email reporting)Can support the reliable reporting of signs and symptoms compatible with SARS-CoV-2 infection; can lead to earlier identification of symptomatic HCWs, and therefore support targeted timely testing to reduce exposure of colleagues and patients; can be an opportunity to interact with HCWs about their general psychological and physical wellbeing to provide wider supportCan present a considerable administrative and resource challenge, depending on the exact method of active monitoring and selection of HCWs who undergo active monitoring; can lead to a rapid depletion of staff if minor symptoms lead to (self)isolation without SARS-CoV-2 testing; might be a drain on resources, especially in cases of clusters involving multiple HCWs and in settings where large sections of a hospital are dedicated to the care of patients with COVID-19Self-monitoringCan reduce the barrier to HCW SARS-CoV-2 testing, if a simple algorithm is combined with clear advice on how to access testing; can involve the majority of HCWs in one facility, thereby detecting SARS-CoV-2 cases among personnel resulting from known and unknown exposures within and outside of the health-care setting; can be supported using digital tools, such as symptom monitoring appsCan be unreliable if HCWs do not consider self-monitoring sufficiently important, or do not disclose symptoms when present, or when atypical or very mild symptoms are frequent among affected HCWs; can lead to a rapid depletion of staff if minor symptoms lead to (self)isolation without SARS-CoV-2 testing; might be ineffective unless clear contacts in occupational health or their delegates are defined and accessible to advise on required measures when symptoms are detected**SARS-CoV-2 testing of HCWs: identification of cases**Regular testing (screening)Can detect asymptomatic or mildly symptomatic cases and can reduce the risk of nosocomial transmission to other staff and patients; can provide an opportunity to check in at regular intervals with occupational health or other public health authority delegatesCan have a major impact on testing capacity depending on volume and frequency of HCW testing, potentially with few cases detected; can provide insufficient information if done intermittently, because positive HCWs might have been infected for an unknown period of time before being sampled and negative HCWs could become positive in the time between tests; might increase the sense of insecurity among staff if large numbers of asymptomatic or mildly symptomatic positive HCWs are identified, when the relevance of this finding for onward transmission is unclear (especially in settings with universal PPE for all patient contacts and high adherence to other IPC measures); can engender a potentially misdirected sense of security to staffResponsive testing (to symptoms)Can support rapid identification of HCWs infected by SARS-CoV-2 to provide adequate clinical support and inform self-isolation; can provide a sense of security to staff working in close proximity with colleagues (eg, ICUs, operating theatres, emergency departments); can represent an efficient use of resources, especially if the threshold for accessing testing is low, sampling is carried out rapidly after onset of symptoms, and results are available in a timely fashionCan lead to delays in identification of symptomatic SARS-CoV-2 positive HCWs by relying on (self-) identification of symptoms if pathways to accessing testing are unclear or cumbersome, or if HCWs feel uncomfortable with accessing testing because of fear or stigma; might not identify asymptomatic or oligosymptomatic SARS-CoV-2 positive HCWs who could theoretically represent a source of infection for other staff or patients**Management of SARS-CoV-2 infected HCWs**Application of standard isolation durationCan prevent a difficult to justify disconnect between public health measures and special provisions for HCWs; could ensure that the risk of introduction of SARS-CoV-2 from the health-care setting to the community is minimisedMight result in staff shortages, especially if isolation is symptom-driven rather than limited to individuals who are confirmed to be SARS-CoV-2 positiveRepeat PCR testingCan identify HCWs no longer shedding SARS-CoV-2 and therefore assumed to have a low risk of transmitting the virus to other staff and patients; can provide a sense of security to staff working in close proximity with colleagues (eg, ICUs, operating theatres, emergency departments); can provide reassurance of safety to return to work in areas with high-risk patients (eg, on haemato-oncology or transplant units)Might worsen staff shortages, particularly when the link between SARS-CoV-2 detection and transmissibility is unclear for infected people who are no longer symptomaticSARS-CoV-2 serology testingCould identify HCWs after SARS-CoV-2 infection and who might have some protection; could support more directed deployment of HCWs after SARS-CoV-2 infectionCould falsely reassure HCWs of being immune to SARS-CoV-2 when the correlates and duration of protection are insufficiently understood; could produce misleading data owing to the current lack of validated, scalable tests[^1]

With proper use of PPE and good adherence to IPC measures, the risk of SARS-CoV-2 infection of health-care workers caring for patients with COVID-19 is considered to be very low. Physical distancing should be encouraged for contact with colleagues, such as during meetings, joint meals, and in office spaces.

Monitoring and identifying health-care workers with symptoms compatible with or suggestive of SARS-CoV-2 infection is essential to ensure appropriate triaging of staff for duty, further evaluation, and follow-up. There are considerable psychological and social strains on health-care workers because they work in a highly stressful and demanding environment and could have negative psychological effects caused by concerns over PPE availability; therefore, monitoring policies should consider how to incorporate the rapid assessment of psychosocial needs of health-care workers.

Rapid and low-threshold access to SARS-CoV-2 testing and results for health-care workers are key to maintaining an adequate workforce. Regular screening of health-care workers by PCR is unlikely to be an effective means of workforce management until evidence-based algorithms to define target staff and frequency of testing are developed, and even then negative tests might offer a false sense of reassurance. Clear algorithms must exist for handling the possible scenarios from testing of symptomatic health-care workers, in principle those who are SARS-CoV-2 negative and those who are SARS-CoV-2 positive with or without clinical illness. These algorithms need to detail the exact pathway to inform return to work and include advice and support for household contacts of health-care workers who are SARS-CoV-2 positive. One logical consequence of offering testing to symptomatic health-care workers is to support rapid return to work of those who are SARS-CoV-2 negative and clinically able to work. When adequate staffing cannot be maintained and rapid redeployment of SARS-CoV-2 infected health-care workers is necessary, re-testing could identify health-care workers no longer shedding the virus, but the relevance of ongoing shedding is unclear.

The roles of serological testing and prophylaxis (responsive or long term) for health-care workers remain to be defined. It is hoped that evidence of previous infection will correlate with the presence of neutralising antibodies and could identify health-care workers at a low risk of reinfection for voluntary supported deployment in COVID-19 wards. Trials of (chemo)prophylaxis for health-care workers have started recruitment in various countries---eg, COVIDAXIS in France ([NCT04328285](NCT04328285){#interrefs10}) and BCG-CORONA in the Netherlands ([NCT04328441](NCT04328441){#interrefs20})---but are not expected to report for some time.

Conclusion {#cesec80}
==========

Specific recommendations for monitoring health-care workers for potential SARS-CoV-2 infection should be available for all staff who are expecting to see or currently managing patients with COVID-19. We feel that in a strict containment phase with low levels of community circulation, management strategies should closely align with those defined for exposed and infected members of the general public, meaning that quarantine and isolation will be stringently applied. Given that outbreaks put excess pressure on the health-care system, special provisions for health-care workers are unlikely to be needed or justifiable. However, beyond this stage, algorithms for accelerated redeployment of mildly symptomatic health-care workers might be necessary to safeguard adequate staffing levels for patient care, and a very low threshold for access to testing should be instituted to support this. Clearly, health-care workers returning to work must prioritise their clinical and psychological wellbeing and consequent ability to re-enter the workspace. On the whole, health-care staff have been observed to be extremely dedicated to ensure that their patients are adequately cared for under very difficult circumstances. Supporting health-care workers in self-monitoring and self-care, providing them with easy access to diagnostics and medical and psychosocial support, and offering clear guidance for safe and timely transitioning back to work will strengthen patient care as a whole and could ultimately improve outcomes for many patients and health-care workers.
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[^1]: HCW=health-care worker. ICU=intensive care unit. IPC=infection prevention and control. PPE=personal protective equipment. SARS-CoV-2=severe acute respiratory coronavirus 2.
